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Insects and Disease 

1. Stressor/Driver Description 
Introduction:  Forest insects and diseases are an integral part of forest ecosystems. Current ecological 

theories postulate that there is a healthy amount of insect and disease activity to be found in properly 
functioning forest ecosystems, playing a number of roles (Teale and Castello 2011). One key role is that 
insects and diseases often act as part of the disturbance regime.  

Disturbance creates and maintains biological diversity in the form of shifting heterogeneous mosaics of 
diverse communities and habitats across a landscape.  But forest disturbance regimes have changed due 
to fire suppression and other anthropogenic activities, such as timber harvesting, mining, and grazing.  In 
addition, the effects of individual insects and diseases may change due to effects of climate on 
stressor/driver organisms, their hosts, and environmental predisposition (Guyon IAP, In Review). 

As with fire, insect outbreaks can interact with climate to generate long-term changes in vegetation 
structure (Allen and Breshears, 1998). Insect- or pathogen-generated changes in vegetation structure can 
have multiple ecosystem-level consequences due to vegetation interactions with nutrient cycles, 
hydrologic, and geomorphic processes.     

Endemic Levels of Insects and Diseases (Stressor):  Endemic levels of insect and disease species are 
natural drivers of vegetative patterns and dynamics.  All diseases currently active on the Forest are native 
pathogens and could be considered endemic. Both endemic and epidemic populations of native forest 
insects, to a different extent, can affect important ecosystem processes such as the allocation of water 
and nutrients within a stand or a watershed as well as forest structure and composition (Collins and 
others 2011, Mikkelson and others 2013).   

For example, endemic populations of bark beetles kill old, suppressed, or otherwise unhealthy and 

stressed host trees.  Tree mortality permits succession of understory plants and promotes new 

regeneration by opening gaps in the canopy.  When dead trees fall, younger or previously suppressed 

understory trees gain access to an increased availability of resources including light, water, and nutrients 

(Hansen 2014).      

Epidemic Levels of Insects and Disease (Stressor):  Insect and disease epidemics can result in 
extensive tree stress and mortality. Mechanisms that trigger outbreaks of some insect species and 
pathogens are poorly understood, while others have been well-studied. However, suitable stand 
structures and sufficient amounts of preferred host vegetation must be available in a forested 
ecosystem to accommodate epidemics.  Consequently, as forests change (structure, type, and species 
diversity) so do their associated insect and disease communities and the subsequent likelihood of 
serious impacts.   

Depending on the magnitude, frequency, and intensity, insects and diseases can stress both host and 
non-host vegetation and reduce the capability of forests to provide ecologic and resource benefits.  
Although large scale host mortality caused by insect and disease epidemics are natural events, the 
cumulative effects of those events in addition to their interactions with other disturbance factors can 
lead to undesirable impacts.  These impacts are expressed in terms of both short and long term effects.  

Increased drought severity and frequency increases a tree’s vulnerability to both direct (reduced growth 

and mortality) and indirect (insect outbreaks, pathogens and wildfire) impacts (Schlesinger and others 

2016, Dale and others 2001, Weed and others 2013). For example, bark beetle-caused tree mortality 

combined with decades of fire suppression can result in fires that are both geographically larger than 

normal and more intense.  This scenario occurred in the Huntington Canyon and Seeley wildfires in 2012.  

Changes in disturbance patterns could increase forest canopy gaps and promote desired and undesired 

(invasive or non-native) species colonization.  

Insects and diseases listed below (Table 1) are found on the MLS National Forest. Most of those listed 
occur at endemic levels and pose a low risk to important ecosystem services. These agents do not 



Manti-La Sal Forest Plan Revision Stressors and Drivers –  
Forest Insects and Disease 

3 

require intensive management. Species that meet the criteria below are denoted by an asterisk (Table 1) 
and discussed in greater detail. 

1. They have a component of ecological urgency 
2. Current vegetative trends or status elevate concerns associated with future tree mortality 
3. Management is feasible 

If insects and/or diseases meet thresholds within these criteria, management may be warranted to 

mitigate their impacts. 

Table 1. Insects and disease listed by category 

Category Scientific Name Host 

Native Defoliators   

Douglas-fir Tussock Moth Orgyia pseudotsugata (McDunnough) Douglas–fir, spruce, and all true firs 

Western Spruce Budworm* Choristoneura  freemani (Freeman) 
Douglas-fir, subalpine fir, white fir, 
blue spruce, and Engelmann spruce 

Tent Caterpillars 
Malacosoma californicum (Packard) 

Malacosoma disstria (Hubner) 

aspen, willow, cherry, cottonwood, 
mountain mahogany, oak, alder, and 
birch 

Native Bark Beetles   

Western Pine Beetle Dendroctonus brevicomis (LeConte) ponderosa pine 

Roundheaded Pine Beetle  Dendroctonus adjunctus (Blandford) ponderosa pine 

Spruce Beetle* Dendroctonus rufipennis (Kirby) 
Engelmann and occassionally blue 
spruce  

Douglas-fir Beetle*  
Dendroctonus pseudotsugae 
(Hopkins) 

Douglas-fir 

Mountain Pine Beetle*  Dendroctonus ponderosae (Hopkins) Limber and ponderosa pine 

Fir Engraver Beetle  Scolytus ventralis (LeConte) True firs 

Piñon Engraver Beetle* Ips confusus (LeConte) piñon pine 

Borers   

Pitch Mass Borer  Dioryctria spp.  piñon pine,  

Stem/Branch Diseases   

Dwarf Mistletoes  Arceuthobium spp. Douglas-fir, pines, and true firs 

Root Disease   

Annosum Root Disease Heterobasidion occidentale Douglas-fir and subalpine fir 

Armillaria Root Disease Armillaria solidipes  
Douglas-fir, Engelmann spruce, 
subalpine fir, white fir, and pines 

Black Stain Root Disease  Leptographium wageneri piñon pine 

Leaf/Needle Disease   

Aspen Leaf Spot Marssonina populi aspen 

Decline/complexes   

Aspen Decline* Several agents aspen 

Subalpine Fir Mortality 
Complex 

Bark Beetle-Dryocoetes confusus 
(Swaine); Root Disease H. 

occidentale and several other agents 
True fir 

* Insects and disease with an asterisk are most prominent on the forest and typically drive management.   
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2. Indicators 
Indicator species are insects and diseases that have significantly impacted critical ecosystem services 

associated with their host/vegetation type.  The measure of the effect is in acres affected (i.e. mortality of 

host trees within the vegetation type) by a particular insect or disease.  

3. Scale 
Spatial scales is the areal extent of a disturbance event including the size of disturbance patches; the 

area per event per time period, and the total area per disturbance per time period. The scale of bark 

beetle disturbances in acres affected by Land Type Association (LTA) and vegetation types (see 

appendix A).  

Douglas-fir beetle Dendroctonus pseudotsugae: Douglas-fir Dry mixed conifer vegetation type 

106,133 acres, aspen and mixed conifer type 342,739 acres. 

Mountain pine beetle Dendroctonus ponderosae: Limber, Lodgepole, Bristlecone, and Ponderosa 
Pine.  Dry mixed conifer vegetation type 106,133 acres, aspen and mixed conifer type 342,739 acres. 

Piñon Ips Ips confuses: Piñon pine, in the dry mixed conifer vegetation type 106,133 acres. 

Woodland vegetation type 264,737 acres.  

Aspen decline aspen, aspen and mixed conifer type 342,739 acres. 

Spruce beetle Dendroctonus rufipennis: Engelmann spruce, (rarely; recent regional occurrences). 

Spruce/fir vegetation type 54,754 acres. 

Western spruce budworm Choristoneura freemani (Freeman):  Douglas-fir, white fir, in the dry mixed 

conifer vegetation type 106,133 acres.   Blue spruce, subalpine fir, and Engelmann spruce in the 
spruce/fir vegetation type 54,754 acres. 

The temporal scale refers to the mean number of disturbance events per time period within a specified 

area. For this assessment the temporal scale spans from 1991 to 2016 (25 years). 

4. Existing Conditions of the Indicators 
Douglas-fir Beetle:  Douglas-fir beetle is the most destructive bark beetle affecting this tree species in 

western North American forests. At endemic levels this bark beetle infests scattered trees of low vigor 
and poor health.  In drought conditions, Douglas-fir beetle outbreaks may be prolonged for several 
years. Catastrophic events (i.e. fire, wind throw, and avalanche) have led to exponentially expanded 
populations (Kegley, 2011).     

Mountain Pine Beetle:  Mountain pine beetle (MPB) is the most destructive bark beetle affecting pines in 

western North America.  MPB has recently expanded its range, due to changes in climate (Bentz and 
others 2010). On the Manti-La Sal, most of the recent MPB-caused mortality has occurred in limber 
pine. The loss of limber pine is a resource concern.  The natural return of mature, limber pine-
dominated communities may require 1,000 years. The loss of mature limber pine has and will 
continue to modify stand and age-class structure and species composition.  While large diameter 
limber pine is still represented across the Forest, current size class distributions indicate a trend 
toward preferred host size / diameter classes for mountain pine beetle (Malesky 2016).  In addition, 
Forest Resource inventory data collected on the Manti-La Sal National Forest indicate that much of 
the ponderosa pine type can be rated at moderate to high hazard levels for mountain pine beetle 
(O’Brien and Woudenberg 1998). 

Piñon Ips:  Piñon Ips populations persist in piñon-juniper woodlands by attacking damaged or stressed 

host trees. Endemic or low populations of this insect are associated with top-kill, branch mortality or 
kill widely scattered single trees or small groups of trees numbering less than ten. Often these trees 
have been previously damaged by wind, snow, fire or lightning. In a drought triggered outbreak, 
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landscape scale mortality can occur in stands affected by drought and other stress factors (Shaw et 
al. 2005).   

Aspen decline:  Aspen dieback and decline has been noted since the 1970’s, but recent widespread 
mortality has led to increasing interest in the status of aspen forests. Increasing dieback and decline 
was reported across the western United States following a drought from 2001-2004. Mortality rates 
peaked in 2007-8 and have since returned to pre-drought levels. The agents involved in dieback and 
decline varied depending on location, but tend to be a complex of wood boring beetles and canker 
diseases in Utah (Guyon and Hoffman 2011). The increases in damage are occurring alongside 
changes in aspen ecosystems due to intense grazing pressure and climatic change. The approach to 
aspen ecology has recently experienced a paradigm shift (Rogers and other 2014). The commonly 
held view that fire suppression caused most of the changes affecting aspen health has come into 
question. Aspen ecology and disturbance patterns are complex and the functional type should drive 
decisions about aspen status and management. For example, stable (nearly pure) aspen is much 
less conducive to wildfire or prescribed burning; regeneration in these forests is dependent on gaps 
created by continuous, low-level tree mortality.   

Spruce Beetle:  The relationship between the factors contributing to spruce beetle outbreaks is the 

subject of some controversy. However, several stand and environmental conditions clearly contribute 
to outbreaks. First, stand conditions must be conducive: Basal area greater than 150 square feet per 
acre and average stand diameter greater than 16 inches with greater than 65 percent spruce in the 
canopy (Munson 2005). Additionally, disturbance history and climatic conditions like increasing 
summer temperatures and reduced precipitation also play a role in the expression of epidemics. 
(Bentz and others 2010). 

Western spruce budworm (WSBW):  Western spruce budworm is considered one of the most 

widespread and destructive defoliators in western coniferous forests, particularly where Douglas-fir 
and true firs are the primary tree species in a stand. The life history requirements for WSBW are 
highly interdependent upon forest stand structure and conditions. Multi-age, multi-level forest 
canopies in stands dominated by host trees (Manti-La Sal NF - Douglas-fir) provide optimal WSBW 
habitat. The timing and duration of WSBW outbreaks is highly variable and depends on 
environmental and biological conditions. The periodicity and duration of outbreaks can range from two 
to over 35 years.  Some of the most important impacts of WSWB defoliation are tree mortality, 
rotation delays, and increased susceptibility to secondary insects and disease (Giunta et al. 2016).  
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5. Trends 
Figure 1. Douglas fir Beetle Trend 
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Douglas-fir beetle:  Tree mortality 

increased 15% in 2014.  Numerous 
pockets of mortality were detected 
throughout the type on the western 
slopes of the La Sal and Abajo 
Mountains.  In the north zone 
Sanpete, Ferron and Price Ranger 
Districts a 76% increase in Douglas fir 
beetle-caused tree mortality occurred 
from 2013 to 2014 (ADS, 2014).  This 
mortality is recorded as numerous 
small (<10 trees) to large-sized 
pockets (>50 trees) across the 
western Wasatch Plateau.  The trends 
in Figure 2 show a cyclical trend in 
mortality, possibly related to episodes 
of drought stress.   

Wasatch Plateau 

La Sal Mountains 

Abajo Mountains 

Figure 2.  Total Acres of Douglas-fir Beetle Damage 1992-2015 

 

Legend

Acreage of Tree Mortality from Douglas fir Beetle

Mixed Conifer Vegetation Type

Manti-La Sal National Forest Boundary
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Figure 3.  Mountain Pine Beetle Trend 
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Mountain pine beetle:  

Mountain pine beetle has caused 
significant limber pine mortality on the 
Wasatch Plateau in southcentral Utah 
since 1999. Sanpete and Ferron 
Ranger Districts have the most 
recorded mountain pine beetle caused 
mortality.  Field observations and data 
indicate that mountain pine beetle-
caused mortality has declined.  
Susceptible pine still occur in all limber 
pine sites (dry mixed conifer 
vegetation type) and additional 
mortality is anticipated. Tree mortality 
has modified stand and age-class 
structure in several stands and altered 
the amount, composition, and 
arrangement of living and dead 
biomass in both the pine and mixed 
conifer communities inventoried 
(Malesky 2016).  Mountain pine beetle 
is not currently active on the Forest in 
ponderosa pine, but forest inventory 
data indicates that many stands are at 
moderate to high hazard levels 
(O’Brien and Woudenberg 1998). 
    

Wasatch Plateau 

La Sal Mountains 

Abajo Mountains 

Figure 4. Total Acres of Mountain-Pine Beetle Damage 1991-2015  

 

Legend

Acreage of Tree Mortality from Mountain Pine Beetle

Mixed Conifer Vegetation Type

Manti-La Sal National Forest Boundary
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Figure 5. Piñon Ips Beetle Trend 
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Figure 6. Acres of Piñon Ips Damage 2002-2014

Piñon Ips:   
Drought combined with outbreak piñon 
Ips populations contributed to 
considerable pinyon pine mortality in 
2003-2005.  Piñon Ips populations 
have been and continue to be most 
active on the Moab and Monticello 
Ranger Districts. Fuel reduction 
treatments have been focused in this 
type which may affect susceptibility in 
treated areas.  Currently, mortality 
caused by this insect is relatively low. 

Wasatch Plateau 

La Sal Mountains 

Abajo Mountains 

 

Legend

Acreage of Tree Mortality from Pinyon Ips

Mixed Conifer Vegetation Type (dry)

Manti-La Sal National Forest Boundary
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Figure 7.  Aspen Defoliation and Decline 
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Aspen Defoliation and Decline:   
Increasing symptoms of dieback 
and decline were recorded 
following a drought from 2001-
2004 that peaked in 2007-8. 
Subsequent symptoms and 
mortality rates have since 
returned to near pre drought 
levels. The agents involved in 
dieback and decline varied 
depending on location, but tend 
to be a complex of wood boring 
beetles and canker diseases 
(Guyon and Hoffman 2011). 

Wasatch Plateau 

La Sal Mountains 

Abajo Mountains 

 

Legend

Aspen Defoliation and Decline

Aspen and Mixed Conifer Vegetation Type

Manti-La Sal National Forest Boundary

Figure 8. Acres of Aspen Affected by Defoliation and Decline 
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Figure 9.  Spruce Beetle Trend 

 

 

 

 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

Spruce Beetle:  In the spruce/fir vegetation 

type on the Wasatch Plateau, spruce 

beetles killed over 90 percent of Engelmann 

spruce greater than 8 inches in diameter 

between 1991 and 2015. This mortality 

affected approximately 47,983 acres of the 

spruce-fir vegetation type. Figure 9 shows 

the extent of spruce beetle-caused tree 

mortality on a) the Wasatch Plateau, b) the 

La Sal Mountains, and c) the Abajo 

Mountains in red.  Figure 10 shows the 

annual amounts of spruce killed by spruce 

beetle during that time period. Decreases in 

spruce mortality following 2001 are due to 

the decreased availability of susceptible 

spruce. 

Wasatch Plateau  

La Sal Mountains  

Abajo Mountains  

Figure 10.  Total Acres of Spruce Beetle Damage 1991-2015 

 

Legend

Spruce Fir Mortality

Spruce/fir Vegetation Type

Manti-La Sal National Forest Boundary



Manti-La Sal Forest Plan Revision Stressors and Drivers –  
Forest Insects and Disease 

11 

Figure 11.  Western Spruce Budworm Trend 
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Figure 12. Total Acres of Western Spruce 
Budworm Damage 1999-2015

Wasatch Plateau  

La Sal Mountains  

Abajo Mountains  

 

Legend

Acreage of Tree Mortality from Western Spruce Budworm

Mixed Conifer Vegetation Type

Manti-La Sal National Forest Boundary

Western Spruce Budworm:  Over the past 

decade the western spruce budworm activity 

has been low.  Recently, surveys show that 

western spruce budworm have increased.  

In 2014 almost 6000 acres were effectively 

attacked (particularly in Douglas fir on the 

Manti- La Sal National Forest.   Most of the 

activity are on the Ferron/Price and Moab 

Ranger Districts.   
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6. Resources Affected 

Short-term effects of bark beetle and disease-caused tree mortality brings change to the age and 
vegetative stand structure of affected forests.  But the long-term effects can modify tree species 
composition in a forest (Amman 1977), altering diversity and potentially resiliency, in the face of a 
changing climate (Peterson et.al. 1998).  Therefore, native bark beetles represent an important 
component of healthy and dynamic forest ecosystems, ultimately improving resiliency in the face of 
climate change.  However, large mortality events are considered undesirable when they conflict with 
human resource objectives and ecosystem services. 

7. Management Tools 

Prevention treatments (or indirect control) are generally associated with silvicultural practices to modify 
stand and host type/vegetation conditions so they are no longer favorable to insect and disease agents. 
Prevention treatments are most effective before insects or diseases reach unmanageable, or outbreak 
levels.  If insect or disease frequency builds to damaging levels, suppression strategies (or direct control) 
may be implemented.  

Thinning (density management) is the preferred strategy for bark beetle management in western forests 
(Fettig et al. 2007, Goyer et al. 1998). Thinning effectively reduces a particular host resource base that 
supports bark beetle populations, reduces competition for water and nutrients, and disrupts the 
effectiveness of pheromone communication. The higher temperatures in thinned stands also reduce 
beetle survival and alter attack behavior of the insect (Schowalter et al. 1992, Amman et al. 1988, Schmid 
and Frye 1977, Sartwell and Stevens 1975). 

Suppression or sanitation treatments (direct control) can reduce insect populations and levels of disease, 
particularly if treatments encompass the infested or affected area ad are timed appropriately.  
Suppression treatments to protect high value trees or sites including the use of insecticide or pheromones 
are limited in scope due to costs, access and resource objectives.   Environmental concerns and 
treatment costs often limit suppression alternatives to smaller affected sites. Vegetative treatments, such 
as sanitation, that do not modify stand conditions conducive to insects or disease often result in short 
term benefits.  

Restoration activities following outbreaks may mitigate vegetative change or loss and promote the growth 

of desired species.   

Douglas-fir Beetle 

Prevention (Indirect Control) - Commercial thinning can improve tree vigor and reduce susceptibility of 
attack by altering stand conditions (Kegley, 2011).   

High risk stand characteristics include (Weatherby and Their 1993):  

1. Moist habitats favoring Douglas fir growth,  

2. Stocking greater than 250 ft2/acre,  

3. Douglas fir species composition greater than 50%, 

4. Average stand age greater than 120 years,  

5. Average diameter greater than 14 inches. 

Suppression (Direct Control) - Prompt salvage of wind thrown, fire damaged, or defoliated Douglas-fir and 

prompt removal or disposal of logs, large slash and cull material can eliminate potential brood sites.  

Felled trap trees and attractant pheromone baited trees are used to lure beetles into logs and trees that 

will be removed and processed.  Anti-aggregation pheromones can be used to protect high-value trees 

and stands or prevent beetle colonization of wind thrown trees (Kegley, 2011).   
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Mountain Pine Beetle 

Prevention (Indirect Control) - Thinning stands of ponderosa pine (80 ft2/acre) will prevent or minimize 
beetle-caused mortality (Schmid et al 1994). Patch cutting in ponderosa pine stands creates a mosaic of 
age and size classes, which reduces the acreage that will be highly susceptible to beetles at one time 
(Amman et.al 1990, Amman and Logan 1998).  Based on 2015 forest health biological evaluation of 
limber pine conditions, encouraging limber pine regeneration and diversification of limber pine age 
classes will ensure adequate ecosystem benefits from limber pine over a long temporal scale (+25 years) 
(Malesky 2016). 

Suppression (Direct Control) – Under certain population conditions, bio pesticides (synthetic anti-
aggregation pheromones) like verbenone have been successful in preventing mountain pine beetle from 
attacking single tree limber pine.  Insecticide treatments (application of a pyrethroid or carbaryl for limber 
or ponderosa pine) before trees become infested can protect individual high-value ponderosa and limber 
pine trees.   

Sanitation (Direct Control) - Slash must be property disposed of, i.e., piled and burned or lopped and 

scattered to prevent population buildups of pine engraver beetles (Ips spp.) (Kegley 1997). 

Piñon Ips 

Drought predisposes mature piñon pine trees to piñon Ips attacks.  The mechanisms of drought impacts 
on insect resistance of piñon pine trees are variable (Gaylord et al. 2013).  Piñon Ips- caused tree 
mortality has been correlated to stand density and dwarf mistletoe, Arceuthobium divaricatum 
(Engelmann) infection, among other factors. Studies have shown that piñon Ips-killed trees are larger in 
diameter, have higher mistletoe infection levels and smaller crown ratios. Piñon pine stand density index 
can be a good predictor of the likelihood of infestation at the plot level (Negrón and Wilson 2003, Fettig et 
al. 2007, Page 2008). 

Scheduling potentially disruptive activities, such as thinning and sanitation, in piñon-juniper stands during 
the cooler winter months can reduce the risk of tree mortality. Activities should be as non-disruptive as 
possible, but working in cooler weather (roughly late November to early March) while the insects are 
inactive allows managers time to sanitize stands (Eager 2008). 

Prevention (Indirect Control) - Thinning piñon-juniper woodlands appears to have a significant effect on 
the understory vegetation and the subsequent use of the woodlands by wildlife. In general, heavy thinning 
(basal density of 30ft2/acre) results in a more abundant and diverse understory, especially in areas with 
little or no understory prior to thinning (Albert et al 2004, Page 2008). 

Suppression/Sanitation (Direct Control) - burning slash destroys potential brood sites, however, avoid 
scorching standing trees as this makes them more attractive to numerous species of bark and wood-
boring insects. During sanitation treatments to remove infested trees, lop residual slash into smaller 
pieces (<3”) and scatter it into openings or pile and burn slash (Eager 2008).  Preventative insecticide 
treatments are available to protect high value individual trees (Fettig et al. 2013). 

Aspen Dieback and Decline 

Aspen management should emphasize identifying the functional types present and use this information to 
select the appropriate management strategy (Rogers and others 2014, see Table 3). The aspen 
functional types on the Manti-La Sal NF include: 

1. Seral/ Montane,  
2. Stable/Colorado Plateau  
3. Stable/Elevation Aspect Limited 
4. Stable/Terrain Isolated. 

The most common types on the M-L NF are seral montane and Colorado Plateau types. Seral montane 

systems should emphasize regeneration efforts that promote a healthy forest by restoring disturbance, 

particularly if past management has favored conifers. Colorado Plateau types should focus on 

maintaining or restoring structural diversity. Both types are sensitive to grazing pressure and may 

experience increased insect and disease damage under drought stress. Aspen management, particularly 
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regeneration treatments, should involve monitoring and controlling browsing pressure before and after 

treatment (Rogers and others 2014). 

Spruce Beetle 

Schmid and Frye (1977) indicate stand conditions must be conducive to outbreaks: Basal Area (BA) 
greater than 150 ft2/acre, average diameter of live spruce greater than 16 inches, with more than 65 
percent spruce in the canopy.  However, Hansen et al. 2010 suggests this assessment could be improved 
by considering Stand Density Index (SDI) – control of growing stock, through initial spacing or subsequent 
thinning to meet specific management objectives, or spruce BA rather than total BA and the density of 
spruce stems >11 inches rather than the average diameter of spruce >16 inches.   Additionally, larger 
landscapes of susceptible host type are more conducive to outbreaks.  Stand disturbance such as wind 
throw and fire contribute to population growth as the affected hosts provide an ideal habitat for population 
increase (Jenkins et al. 2014). 

Prevention (Indirect Control) - To reduce the long-term susceptibility of un-infested stands to spruce 
beetle, Alexander (1986), based on studies compiled by Schmid and Frye (1977) recommended density 
management (Jenkins and others 2014, Hansen and others 2010), including: partial cutting to remove the 
larger, over mature spruce leaving spruce diameters < 10” Diameter at Breast Height (DBH), decreasing 
mean stand basal areas to 80ft2/acre, and reducing the spruce component to ≤ 65% (Schmid and Frye 
1977).   

Prevention (indirect control) treatments that result in a multi-storied (variable age class) stand of spruce 
will mitigate the effects of a spruce beetle outbreak. Uneven-aged prescriptions for spruce stands will not 
prevent losses caused by the spruce beetle, but will mitigate the effects of an outbreak in a treated area. 
An uneven-aged prescription may provide an average dbh of 19 cm, an SDI of 35 percent of maximum, 
and a basal area of 30 m2/ha. Shaw describes the method most commonly used to derive an SDI, and 
shows that the variables used to derive SDI in the case of uneven-aged stands must be carefully 
selected. The summation method should be used to calculate SDI if the management objectives are 
uneven-aged or irregular stand structures.   

Suppression (Direct Control) - Preventive spraying before trees become infested can protect individual 
high-value trees or vegetation in high value sites (e.g. recreation areas).  Sanitation treatments combined 
with trap trees and the use of baited funnel traps can be effective when timed appropriately and with 
thorough follow up treatments such as removal, burning, de-barking or chipping to destroy developing 
brood (Bentz and Munson 2000).  However, there are limitations associated with the spatial scale of 
treatments designed to suppress a local outbreak, the treatments must encompass the infested area to 
be effective.   

Sanitation treatments to remove infested trees within outbreak areas may be effective depending on 
stand structure.  Multi-storied stands composed of various size and age class spruce are a candidate for 
this type of suppression strategy.  Removing the larger diameter hosts (>10 dbh) and leaving the smaller 
diameter trees on site will promote survival of the residual smaller diameter class trees.  Sanitation 
treatments to reduce spruce basal area during an outbreak in stands composed of even-aged larger 
diameter hosts will not mitigate the effects of an outbreak population of this insect.  However, salvage and 
sanitation operations can offer site prep benefits for restoration post-outbreak. 

8. Stressor Accumulation 

Climatic variability and change can alter patterns of disease distribution and abundance through (1) direct 
effects on development and survival of a pathogen, (2) physiological changes in tree defenses, and (3) 
indirect effects on abundance of natural enemies, mutualists and competitors, (4) interactions with other 
disturbance agents such as fire, and insects (Guyon IAP). Climate change will affect pathogens, hosts, 
and their interaction; changes in these interactions may become the most substantial drivers of future 
disease outbreaks. Climate change will have the largest impact on diseases that take advantage of a 
weakened host. Some diseases may be considered “threshold diseases”, that is, they are damaging but 
only under certain climatic conditions, and one of the key triggers for this type of disease is the onset of 
drought stress (Guyon IAP, In Review). 
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Warmer temperatures associated with climate projections are believed to impact (and frequently amplify) 
insect species’ population dynamics directly through effects on survival, generation time, fecundity and 
dispersal. Large and consistent decreases in snowpack have been observed throughout the western 
United States between 1955 and 2015 (EPA 2015).   Because insect species, in general, have relatively 
short life cycles, high reproductive capacity and high degree of mobility, the physiological responses to 
warming temperatures can produce large and rapid effects on species population dynamics (Stange and 
Ayres 2010).  Mid to high latitudinal insect populations are anticipated to benefit from climate change 
through more rapid development and increased survival.  Insect species’ mortality may decrease with 
warmer winter temperatures, thereby leading to poleward range expansions (Stange and Ayres 2010). 

Large mortality events in forests are normally associated with the occurrence of several stressors (Allen 
and others 2010; McDowell and others 2016).  The interactions among disturbances working over various 
spatial and temporal scales define the nature of forested landscapes (Jenkins and others 2008).  
Changes in drought intensity and frequency, for example, have the potential to alter populations and 
impacts of tree-damaging forest insects and pathogens (Ayres and Lombradero 2000, Dale and others 
2001, Weed and others 2013).  In addition, bark beetle-caused tree mortality in conifer forests effects the 
quantity and quality of forest fuels (Jenkins et al 2008).   Dissimilar and extemporized interactions make it 
challenging to predict the effect of multiple stressors and whether threshold-type responses may take 
place (McDowell and others 2016).   

9. Identify Any Data Gaps 

Data provided by Aerial Detection Survey (ADS) should be used only as an indicator of insect and 
disease activity. Mapped polygons of insect and disease disturbance should be ground–truthed for actual 
location and causal agent. Polygons indicate locations of tree mortality, defoliation and/or other damage. 
Intensity of damage is variable and not all trees and areas mapped are dead or damaged. Using this data 
for purposes other than those for which it was intended may yield inaccurate or misleading results. 

Aerial insect and disease detection surveys are conducted annually to detect and monitor visible 
vegetation damage primarily caused by insects. Aerial detection surveys are intended to: detect new 
activity, monitor the trend of ongoing activity, provide general location information and subjectively rate 
levels of defoliation and mortality.  The numbers do not reflect the current year's beetle population or 
number of currently attacked trees.  Observers have just a few seconds to recognize, identify and 
document observed activity. Air turbulence, cloud shadow, haze, smoke and observer experience can all 
affect the quality of the survey. 
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APPENDIX A 
 

Appendix A.  Vegetation Types by Land Type Association (LTA) and Acres.  
Vegetation 
Type 

LTA Acres Percent of 
LTA 

Aspen and 
Mixed Conifer 

Abajo igneous mountains 
Abajo Shay Mountain 
Abajo alluvial fans and plains 
Abajo landslides terrain 
Abajo Shay Mountain colluvial slopes and fans 
La Sal Mountains Lower Slope Alluvial Fans and Moraines 
La Sal Mountains Mid-Slopes and Passes 
La Sal Mountains Peaks 
La Sal Mountains Borderlands upper till covered mesas 
La Sal Mountain Borderlands southern graben valleys 
La Sal Mountain Borderlands lower sandstone and till covered mesas 
La Sal Mountain Borderlands dissected mesas  
La Sal Mountain Borderlands southern alluvial fans 
La Sal Mountain Borderlands eastern moraines and slopes 
La Sal Mountain Borderlands eastern Ponderosa pine covered mesas 
La Sal Mountain Borderlands collapsed salt anticlines 
La Sal Mountain Borderlands rocky canyons 
Mesas and Canyons lower mesas 
Mesas and Canyons mid elevation mesas 
Mesas and Canyons higher elevation mesas 
Mesas and Canyons canyon slopes 
Mesas and Canyons canyon bottomlands 
San Pitch Mountains Western Front Lower Slopes 
San Pitch Mountains Western Front Mountains 
San Pitch Mountains Conglomerate Cliffs 
San Pitch Mountains Central Plateau 
San Pitch Mountains North Eastern Canyons 
San Pitch Mountains Eastern Front Benches and Cliffs 
Wasatch Plateau Western Front Lower Canyon Slopes 
Wasatch Plateau Eastern Mountains Upper Canyon Slopes 
Wasatch Plateau Eastern Mountains Lower Canyon Slopes 
Wasatch Plateau Rocky Canyons 
Wasatch Plateau Eastern Escarpment 
Wasatch Plateau Northern Slope  
Wasatch Plateau Thistle Highlands Western Slopes 
Wasatch Plateau Thistle Highlands North Eastern Slopes 
Wasatch Plateau Western Mountains & Basins 
Wasatch Plateau Western Front Flat Iron Ridges 
Wasatch Plateau Western Mountain Plateau Top 
Wasatch Plateau Western Mountain Mid-Mountain Benches 
Wasatch Plateau Western Mountain SE Lower Slopes  
Wasatch Plateau Southern Tablelands  
Wasatch Plateau Northern Fault Valleys 
Wasatch Plateau Southern Fault Valleys 

29557 
8369 

54553 
5632 

11640 
15109 
23485 
8900 
4558 
2534 

28316 
9959 

15130 
7199 

33673 
4368 

13091 
34749 
45076 

102789 
69837 
5830 
9640 

12156 
17030 
23811 
10804 
2895 

29410 
75013 
79022 
14571 
59032 
17968 
28998 
16596 

208694 
31929 
41911 
40925 
47993 
34443 
29368 
38155 

49.3 
14.6 
5.22 
30.6 
7.9 

46.1 
59 

4.12 
1.92 
0.51 
7.98 
0.33 
4.51 
15.4 
1.85 
0.16 
0.88 
0.2 

1.23 
16.7 
1.33 
3.6 

0.23 
7.44 
20.1 
17.5 
32.5 
1.03 

15 
60.9 
52.9 

13 
18.3 
33.4 
7.27 
18.5 
41.7 
33.1 
11.6 
56.8 
22.4 
2.13 
41.6 
4.18 

Vegetation 
Type 

LTA Acres  

Mixed Conifer 
(dry) 

Abajo igneous mountains 
Abajo Shay Mountain 
Abajo alluvial fans and plains 
Abajo landslides terrain 
Abajo Shay Mountain colluvial slopes and fans 
La Sal Mountains Lower Slope Alluvial Fans and Moraines 
La Sal Mountains Mid-Slopes and Passes 
La Sal Mountain Borderlands lower sandstone and till covered mesas 
La Sal Mountain Borderlands southern alluvial fans 
La Sal Mountain Borderlands eastern moraines and slopes 
La Sal Mountain Borderlands eastern Ponderosa pine covered mesas 
La Sal Mountain Borderlands collapsed salt anticlines 
La Sal Mountain Borderlands rocky canyons 
La Sal Mountain Borderlands escarpments and rocky slopes 
Mesas and Canyons lower mesas 
Mesas and Canyons mid elevation mesas 
Mesas and Canyons higher elevation mesas 

29557 
8369 

54553 
5632 

11640 
15109 
23485 
28316 
15130 
7199 

33673 
4368 

13091 
8053 

34749 
45076 

102789 

1.97 
1.16 
27.7 
7.69 
13.9 
1.95 
0.58 
1.51 
0.69 
2.92 
51.1 
10.2 
13.7 
2.17 
3.56 
10.1 
29.7 
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Mesas and Canyons canyon slopes 
Mesas and Canyons canyon bottomlands 
San Pitch Mountains Western Front Mountains 
San Pitch Mountains Conglomerate Cliffs 
San Pitch Mountains Central Plateau 
San Pitch Mountains North Eastern Canyons 
Wasatch Plateau Western Front Lower Canyon Slopes 
Wasatch Plateau Eastern Mountains Upper Canyon Slopes 
Wasatch Plateau Eastern Mountains Lower Canyon Slopes 
Wasatch Plateau Rocky Canyons 
Wasatch Plateau Eastern Escarpment 
Wasatch Plateau Northern Slope  
Wasatch Plateau Thistle Highlands Western Slopes 
Wasatch Plateau Thistle Highlands North Eastern Slopes 
Wasatch Plateau Western Mountains & Basins 
Wasatch Plateau Western Front Flat Iron Ridges 
Wasatch Plateau Western Mountain Plateau Top 
Wasatch Plateau Western Mountain Mid-Mountain Benches 
Wasatch Plateau Western Mountain SE Lower Slopes  
Wasatch Plateau Southern Tablelands  
Wasatch Plateau Northern Fault Valleys 
Wasatch Plateau Southern Fault Valleys 

69837 
5830 

12156 
17030 
23811 
10804 
29410 
75013 
79022 
14571 
59032 
17968 
28998 
16596 

208694 
31929 
41911 
40925 
47993 
34443 
29368 
38155 

10 
3 

4.06 
4.43 
1.16 
1.43 
2.77 
1.54 
2.33 
12.8 
5.05 
3.68 
0.5 

6.35 
1.58 
1.8 

0.15 
1.58 
2.23 
14.3 
0.16 
2.16 

Vegetation 
Type 

LTA Acres  

Woodlands Abajo igneous mountains 
Abajo Shay Mountain 
Abajo alluvial fans and plains 
Abajo landslides terrain 
Abajo Shay Mountain colluvial slopes and fans 
La Sal Mountains Lower Slope Alluvial Fans and Moraines 
La Sal Mountains Mid-Slopes and Passes 
La Sal mountains Peaks 
La Sal mountains Borderlands upper till covered mesas 
La Sal mountains Borderlands southern graben valleys 
La Sal mountains Borderlands lower sandstone and till covered mesas 
La Sal mountains Borderlands dissected mesas  
La Sal mountains Borderlands southern alluvial fans 
La Sal mountains Borderlands eastern moraines and slopes 
La Sal mountains Borderlands eastern Ponderosa pine covered mesas 
La Sal mountains Borderlands collapsed salt anticlines 
La Sal mountains Borderlands rocky canyons 
La Sal mountains Borderlands escarpments and rocky slopes 
Mesas and Canyons lower mesas 
Mesas and Canyons mid elevation mesas 
Mesas and Canyons higher elevation mesas 
Mesas and Canyons canyon slopes 
Mesas and Canyons canyon bottomlands 
San Pitch Mountains Western Front Lower Slopes 
San Pitch Mountains Western Front Mountains 
San Pitch Mountains Conglomerate Cliffs 
San Pitch Mountains Central Plateau 
San Pitch Mountains North Eastern Canyons 
San Pitch Mountains Eastern Front Benches and Cliffs 
Wasatch Plateau Western Front Lower Canyon Slopes 
Wasatch Plateau Eastern Mountains Upper Canyon Slopes 
Wasatch Plateau Eastern Mountains Lower Canyon Slopes 
Wasatch Plateau Rocky Canyons 
Wasatch Plateau Eastern Escarpment 
Wasatch Plateau Northern Slope  
Wasatch Plateau Thistle Highlands Western Slopes 
Wasatch Plateau Thistle Highlands North Eastern Slopes 
Wasatch Plateau Western Mountains & Basins 
Wasatch Plateau Western Front Flat Iron Ridges 
Wasatch Plateau Western Mountain Plateau Top 
Wasatch Plateau Western Mountain Mid-Mountain Benches 
Wasatch Plateau Western Mountain SE Lower Slopes  
Wasatch Plateau Southern Tablelands  
Wasatch Plateau Northern Fault Valleys 
Wasatch Plateau Southern Fault Valleys 

29557 
8369 

54553 
5632 

11640 
15109 
23485 
8900 
4558 
2534 

28316 
9959 

15130 
7199 

33673 
4368 

13091 
8053 

34749 
45076 

102789 
69837 
5830 
9640 

12156 
17030 
23811 
10804 
2895 

29410 
75013 
79022 
14571 
59032 
17968 
28998 
16596 

208694 
31929 
41911 
40925 
47993 
34443 
29368 
38155 

33.8 
79.9 
64.3 
58.9 
72.8 
46.1 
4.96 
5.73 
94.5 
65.3 
85.3 
97.5 

96 
78.1 

45 
86.8 
70.7 
90.3 
92.7 
75.5 
48.1 
64.4 
54.9 
82.2 
81.7 
67.9 

59 
57.1 
83.8 
71.1 
10.9 
16.6 
57.9 
45.2 
51.6 
85.3 
69.6 
20.2 
49.3 
23.3 

11 
37.3 
29.4 
7.09 
65.7 
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Vegetation 
Type 

LTA Acres  

Spruce/fir Abajo alluvial fans and plains 
La Sal mountains Lower Slope Alluvial Fans and Moraines 
La Sal mountains Mid-Slopes and Passes 
La Sal mountains Peaks 
Wasatch Plateau Western Front Lower Canyon Slopes 
Wasatch Plateau Eastern Mountains Upper Canyon Slopes 
Wasatch Plateau Eastern Mountains Lower Canyon Slopes 
Wasatch Plateau Eastern Escarpment 
Wasatch Plateau Western Mountains & Basins 
Wasatch Plateau Western Front Flat Iron Ridges 
Wasatch Plateau Western Mountain Plateau Top 
Wasatch Plateau Western Mountain Mid-Mountain Benches 
Wasatch Plateau Western Mountain SE Lower Slopes  
Wasatch Plateau Northern Fault Valleys 

54553 
15109 
23485 
8900 

29410 
75013 
79022 
59032 

208694 
31929 
41911 
40925 
47993 
29368 

4.76 
0.26 
19.2 
4.65 
0.94 
2.93 
2.04 
0.11 
16.7 

1 
13.7 
4.58 
0.23 
2.43 

 


